INTRODUCTION
The comparison of data obtained from phylogenetic studies, from which similarities and differences among the homologous characteristics of different species may be inferred, aims to detect phylogenetic evidences of the species (Amorim, 2002) . Physical characteristics of an organism and their molecular structure may be employed to reconstitute such relationships.
Despite morphological characteristics being evident and easy to analyze, they may adequately show evolutionary traits of species. However, these are frequently subject to environmental influence, as shown by the formation of different phenotypes. On the other hand, although molecular structures are a direct representation of genetic characteristics (Buso, 2005) , they do not always provide sufficient differences to outline the evolution of the studied species (Hillis, 1987) . In certain cases, morphological data are not consistent with molecular data (Wiley et al., 1998; López-Fernández et al., 2005) . Ancestry outlined by molecular data is referred to as molecular phylogeny (Patwardhan et al., 2014) .
Since the analysis of molecular data does not take into consideration the environmental factors that affect morphological characteristics, these have been reliable in ichthyology, especially in phylogeny, systematics, genetic variability, management of species, analysis of pedigree and endogamy, and particularly in the identification of hybrid specimens (Gasques et al., 2013) . However, the sequences used in such analyses should demonstrate a rate of evolution and be sufficiently preserved and different to be used as specific markers. Molecular markers, nonetheless, do not always show a direct relationship with physiological or behavioral characteristics that are related to species' evolution (van Hazel et al., 2006) .
The identification of new markers that can be used in the study of cichlids and vertebrates, which have variable rates of evolution (Beheregaray, 2008; Macrander, 2010; Gasques et al., 2015) , and that are directly related to the behavior or morphological characteristics subjected to selective pressures, is highly relevant (van Hazel et al., 2006) .
The use of opsin genes has been suggested in species with well-developed visual systems, as these DNA sequences are directly linked to selective pressure in animals (Schwanzara, 1967) . The products of these genes are directly related to visual pigments in vertebrates (Trezise and Collin, 2005) . Their expression, and the existence of certain polymorphisms, may be directly related to the ecological niche and thus affect the choice of habitat, prey-predator relationship, and behavior of the cichlid cohort (Smith and Carleton, 2010; Nagai et al., 2011) , which have a great variety of colorings and may vary geographically within the same species (Maan and Sefc, 2013) .
Since Neotropical cichlids have a well-developed visual system, we suggest that the LWS (Long Wavelength Sensitive) gene, which is a member of the opsin family, is able to distinguish between species of this group. This hypothesis is based on the fact that the opsin family gene SWS1 (Short Wavelength Sensitive) has been shown to be a good marker for inferring phylogeny in vertebrates (van Hazel et al., 2006) .
The current analysis aimed to identify a nuclear molecular marker that is able to establish the phylogeny of Neotropical cichlids, and that has a relationship through the visual system.
MATERIAL AND METHODS

PCR and DNA extraction
Eight Neotropical cichlid species were used in the current assay. Individuals of Cichla piquiti (N = 4) and Cichla kelberi (N = 4) were collected from the Tocantins-Araguaia River basin, while those from Cichla monoculus (N = 4) were retrieved from the Solimões River. Samples were stored in 96% ethanol and deposited in the tissue bank of the laboratory of genetics at the Research Nucleus in Limnology, Ichthyology, and Aquiculture (Nupélia) of the Universidade Estadual de Maringá. DNA was extracted using a kit obtained from Promega Wizard Genomics. Previously described primers were employed to amplify the opsin gene LWS from exon 1 to 6 (Weadick et al., 2012) . The full gene was approximately 2.3 kb in size, and a 874-bp fragment was used, which ranged from exons 2 to 5 and included introns. The PCR program consisted of an initial 3-min denaturation (94°C), followed by 35 cycles of 30 s denaturation (94°C), 30 s annealing (51°C) and 2 min 30 s extension (72°C), followed by a 7-min final extension (72°C).
Amplified fragments were purified as previously described (Rosenthal et al., 1993) and samples for sequencing were prepared with a BigDye Terminator kit, following the manufacturer instructions. Sequences were obtained using an automatic sequencer (ABI3730) and gene sequences of subunit I of the cytochrome oxidase (COI) of the Neotropical cichlid species and LWS of the Oreochromis niloticus were obtained from GenBank (Table 1) 
Phylogenetic analysis
Sequences were aligned in Mega 6 (Tamura et al., 2013) from the Clustal W algorithm (Thompson et al., 1994) and selection of the best nucleotide substitution model was performed by the program jModelTest (Darriba et al., 2012) . Two types of phylogenetic reconstruction were performed: the first reconstruction used only the LWS gene, whilst the second used a concatenation of the genes LWS and COI following the model GTR+I+G, from the maximum likelihood statistical methods and Bayesian inference, both of which were compared later. The African cichlid species Oreochromis niloticus was used as an outgroup for the analyses. Resulting trees were edited by FigTree. Maximum likelihood analyses were performed by the program raxMLIGUI (Silvestro and Michalak, 2012) , and the first analysis used only the sequence of the LWS opsin gene. The second analysis utilized the COI gene sequence linked to the LWS gene sequence. The two genes were independent partitions. In both analyses, rapid bootstrap algorithm was used with 1000 resamplings available in raxML.
Bayesian inference analyses were performed by the program BEAST (Drummond et al., 2012) : the first considered the LWS gene sequence alone; the second considered COI and LWS concatenated as independent partitions. The number of generations was sufficient to obtain effective sample size (ESS) rates of >100, with a relaxed molecular clock.
RESULTS
Sequence of LWS ranged throughout the extension, from the start of exon 2 to the end of exon 4, including introns (874 bp), whereas the COI gene sequence was 570 bp long. Following concatenation (COI+LWS), the sequences had a total length of 1444 bp. Table 2 shows 124 polymorphic nucleotide sites in the segment of the sequenced LWS gene obtained from the species of Neotropical cichlids under analysis. Table 3 shows the models selected for each sequence and the characterization of each segment. LWS gene sequences seem to be species-specific, although they show only scant diversity among species of the same genus. On the other hand, COI was highly variable and is therefore an important marker for use in species identification, as employed in the Barcoding project (Ratnasingham and Hebert, 2013) . Figure 1 shows the phylogenetic reconstruction generated using the LWS gene in different statistical methods. Bootstrap rates obtained by the maximum likelihood method provided good support, with more than 70% up to the genus level.
Phylogeny determined by the Bayesian inference method was similar to that inferred by the maximum likelihood method, except for the positioning of species belonging to the genus Cichla. Phylogenies failed to reveal any great differences among the statistical methods and the generated phylogeny of Neotropical cichlids was similar to that reported by López-Fenández (2010) . Figure 2 shows phylogenies obtained from concatenated sequences of COI and LWS, following Bayesian inference (A) and maximum likelihood (B).
In the case of concatenated sequences, although the maximum likelihood method provided good support for all branches (>70%), the Bayesian inference method also showed a good basis for phylogeny. Lowest support was obtained for the genus branches Geophagus and Crenicichla. Phylogeny inferred by the maximum likelihood method for all concatenated markers was also close to that suggested by López-Fernández (2010) .
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Nucleotide -Intron 3
Nucleotide -Exon 4 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 8 8 8 8 8 8 8 8 8 2 2 2 2 3 3 3 3 3 4 4 4 4 4 4 4 5 5 6 6 6 7 8 9 9 2 3 3 4 4 6 6 6 7 7 9 0 1 1 1 2 2 2 3 5 1 4 6 9 3 4 5 6 9 0 1 2 3 4 5 6 6 8 1 2 7 3 5 0 8 3 1 4 0 9 1 4 7 6 8 4 3 5 6 8 5 6 8 0 8 Table 2 . Polymorphic nucleotides of complete sequences of exons 2-4 and introns 2-3 of the LWS opsin gene of Neotropical cichlid fishes Cichla kelberi (Ck), Cichla piquiti (Cp), Cichla monoculus (Cm), Crenicichla britiskii (Cb), Crenicichla haroldoi (Ch), Geophagus proximus (Gp), Satanoperca pappaterra (Sp), and Astronotus crassipinnis (Ac). Table 3 . Characterization of molecular markers and selected models of nucleotide substitution.
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HKY + G = Hasekawa, Kishino and Yano; G = gamma distribution; I = invariable sites. 
DISCUSSION
Molecular markers that are associated with a type of selection involved in the speciation process are relevant, since they facilitate phylogeny studies, depending on the species, and the study making it potentially more efficient, because, in general, these regions are under environmental pressure (van Hazel et al., 2006; Fabrin et al., 2014) . Since the product of a specific gene may bring about a specific behavior or characteristic, a gene may affect the speciation process. Despite this, several genes may be related to the process of speciation in cichlids (Brawand et al., 2014) .
A coherent phylogeny can be obtained through analysis of the opsin LWS gene sequence, as reported by López-Fernández et al. (2010) . Low variability within the species analyzed may indicate a high degree of phylogenetic information for the sequence (Sullivan et al., 1999; Steel and Penny, 2000) . Consequently, the LWS gene seems to be a promising marker for Neotropical cichlid species, with good support up to the genus level provided by high bootstrap rates and a high a posteriori probability for Bayesian analysis. Miyagi et al. (2012) showed that the LWS gene seems to possess species-specific alleles, a fact that also contributes to its use as a marker that can assist with phylogenetic inferences.
Since there is low LWS support for species distinction of the same genus, its association with information sequences of greater interspecies variability, such as that of mitochondrial genes, seems adequate. Concatenated sequences of the COI and LWS genes revealed a greater resolution in species distinction and increased the distance between branches given in phylogeny and its bootstrap and posteriori values.
Although mitochondrial genes seem to be inefficient when used alone in phylogenies, and can cause problems in phylogenetic studies (Sibley and Ahlquist, 1991) , the high rates of evolution experienced by mitochondrial genes (Brown et al., 1979) when associated with other nuclear markers increases information that is relevant for species distinction (Clabaut et al., 2005) . This fact, the increasing of information from the association of a nuclear and mitochondrial marker, may be observed for the LWS associated with COI.
The SWS1 gene, which is also a member of the opsin family, has been associated with the phylogeny of large vertebrate groups. It is efficient for use to establish phylogenetic hypotheses. In fact, it has the advantage of presenting few indels and thus reducing ambiguity during alignment, and has a non-complex relationship of nucleotide replacement, showing a replacement process of homogenous bases that are associated with strong phylogenetic signs (van Hazel et al., 2006) .
Consequently, because LWS is a member of the same gene family, it has common characteristics, with important polymorphisms in the two genes (Carleton, 2009; Carleton et al., 2010) . LWS is the more variable (Terai et al., 2002) and is therefore of high use in distinctions up to the genus level.
LWS is also associated with several features related to behavior, such as sexual selection (van Hazel et al., 2006) . It also has great ecological relevance (Terai et al., 2006) since the product it expresses (Spady et al., 2005) is under constant selection pressure (Terai et al., 2002; Smith et al., 2012) . Consequently, the analysis of certain coding regions may be directly related to the selection mechanism and thus reflect the evolution history of the species (Schott et al., 2014) .
The present results reveal that the LWS sequence is a highly efficient method to establish phylogenetic links of Neotropical cichlids studied at the genus level, although the efficiency is somewhat lower at the species level. However, when associated with COI sequences, these were efficient even in the establishment of phylogenies at the species level. Due to its strong relationship with selection in visual fish, the use of this gene may be efficacious for the establishment of phylogenies of Neotropical cichlid species.
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